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FIDUCIAL DESIGN designs can employ optical features on glass substrates that 
re - direct light so as to present a bright image region to an 

CROSS REFERENCE TO RELATED observer . Such optical features can include surface relief 
APPLICATION patterns formed in a coating on the surface of glass sub 

5 strates . 
This application claims benefit of U.S. Provisional Patent An exemplary manufacturing method can be used to 

Application No. 62 / 513,299 , filed May 31 , 2017 , the dis- implement example fiducial designs to manufacture fiducial 
closure of which is incorporated herein by reference in its markers . Manufacturing the fiducial markers can involve 
entirety for all purposes . two transfers of a fiducial design across multiple substrates . 

In a first transfer , a target fiducial design can be conveyed by 
FIELD a pattern on a master mold or plate . The master can have a 

surface relief profile corresponding to the target fiducial This disclosure generally relates fiducial design , design to be made . Then , the target fiducial design patterned including fiducial designs on transparent or translucent substrates ( e.g. , glass ) . These fiducial designs can enhance 15 on the master can be transferred as a negative of the fiducial design to a submaster mold or plate . In a second transfer , the visual edge contrast , which can enhance detection of visual 
edges by , e.g. , machine vision systems . submaster can convey a negative of the target fiducial design 

to a coating of hardenable ( photocurable ) material on a 
BACKGROUND target glass substrate . The positive pattern on the hardenable 

20 coating on the glass substrate can form a fiducial marker 
Fiducial markers ( or " fiducials ” ) are markings on an having the target fiducial design . 

object that provide a visual point of reference . Fiducial After a substrate is marked with a fiducial marker , the 
markers find use in manufacturing and in other applications fiducial marker can facilitate the use of the substrate in a 
that may require a distinct , recognizable , and trustworthy variety of applications . Exemplary applications include 
visual point of reference , for example , to aid in precise 25 manufacturing processes in industrial environments where 
placement or alignment of objects . For example , fiducial fiducial markers can be useful for providing visual points of 
markers may be found in systems where visual alignment or reference , such as for precision alignment of components on 
visual orientation is important , such as machine vision the substrate or precision alignment of the substrate in a 
systems that detect misalignment or that achieve or maintain cutting machine that cuts the substrate into multiple parts 
a target alignment or a target orientation . 30 ( e.g. , augmented reality eyepieces ) . Example fiducial mark 
One exemplary application is a manufacturing process for ers can aid machine vision systems that facilitate automated 

a printed circuit board ( PCB ) . PCBs often require the precise performance of manufacturing processes on input working 
placement of components ( such as electronic or electrome- material . 
chanical components ) on a surface . As assisting aids , a PCB 
can have one or more fiducial markers visible on the surface 35 BRIEF DESCRIPTION OF THE DRAWINGS 
of the PCB . During the manufacturing process , automated 
robotic machines , commonly known as pick - and - place FIG . 1A illustrates a top view of an example fiducial 
machines ( P & Ps ) , may utilize machine vision systems to marker design ( “ Design A ” ) , according to examples of the 
locate and place components on a PCB based on the fiducial disclosure . 
markers on the PCB . A machine vision system of the P & P 40 FIG . 1B illustrates a cross - sectional view of Design A , 
may have a machine vision camera that can image the PCB's according to examples of the disclosure . 
fiducial markers and an image processing system that can FIG . 1C illustrates Submaster A , according to examples of 
analyze an image to recognize the PCB's fiducial markers . the disclosure . 
The P & P's vision system can use the positions of the PCB's FIG . 2A illustrates a top view of an example fiducial 
fiducial markers to determine the orientation of the PCB . 45 marker design ( “ Design B ” ) , according to examples of the 
The P & P can determine where to place a given component disclosure . 
on the PCB , with respect to one or more fiducials on the FIG . 2B illustrates a cross - sectional view of Design B , 
PCB , by determining the target placement location for the according to examples of the disclosure . 
component relative to the one or more fiducials in the PCB's FIG . 2C illustrates Submaster B , according to examples of 
surface layout plan , which can be stored in the P & P's 50 the disclosure . 
memory . Consequently , the P & P can actually place the given FIG . 2D illustrates an example Zone Design B that 
component on the PCB accurately at the target placement includes Design B , according to examples of the disclosure . 
location with respect to the one or more fiducials on the FIG . 3A illustrates a top view of an example fiducial 
PCB . . marker design ( “ Design C ” ) , according to examples of the 

In some fiducial marker applications relating to PCBs , a 55 disclosure . 
fiducial marker may be a circular area of bare copper plating FIG . 3B illustrates a cross - sectional view of Design C , 
of an inner layer of the PCB , exposed at the top surface of according to examples of the disclosure . 
the PCB to be visible to a machine vision system . FIG . 3C illustrates Submaster C , according to examples of 

the disclosure . 
BRIEF SUMMARY FIG . 3D illustrates an example Zone Design C that can 

include aspects of Design C , according to examples of the 
Examples of the disclosure describe methods and appa- disclosure . 

ratuses related to fiducial designs for fiducial markers on FIG . 4A illustrates a top view of an example fiducial 
glass substrates , or other transparent or translucent sub- marker design ( “ Design D ' ) , according to examples of the 
strates . Example fiducial designs can facilitate visual rec- 65 disclosure . 
ognition by enhancing edge detection in visual perception by FIG . 4B illustrates a cross - sectional view of Design D , 
humans or machine vision systems . Example fiducial according to examples of the disclosure . 

60 
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FIG . 4C illustrates Submaster D , according to examples Glass substrates , unlike reflective and opaque surfaces 
of the disclosure . such as bare copper , may be primarily transmissive of light . 
FIG . 5A illustrates a top view of an example fiducial Instead of providing a bright image region useful for pro 

marker design ( “ Design E ” ) , according to examples of the viding an effective fiducial marker , an area of flat glass may 
disclosure . 5 not appear as a highly distinctive image region to a machine 
FIG . 5B illustrates a cross - sectional view of Design E , vision system . Thus , simply shining light on an area of flat 

according to examples of the disclosure . glass may not provide sufficiently high brightness contrast 
FIG . 5C illustrates Submaster E , according to examples of for useful edge detection . Other means of edge detection 

the disclosure . may thus be desirable . In some examples , fiducial markers 
FIG . 6A presents a flow chart of an exemplary manufac- 10 can be specially designed to facilitate detection of the edges 

of the fiducial markers . turing method that can be used to implement example Examples disclosed below teach fiducial designs for fidu Designs A - E and Zone Designs B and C to manufacture cial markers on glass substrates , or other transparent or fiducial markers , according to examples of the disclosure . translucent substrates . These fiducial designs can facilitate FIG . 6B illustrates the exemplary manufacturing method 15 visual recognition , for example , by enhancing edge detec 
according to Steps S1 - S8 , according to examples of the tion in visual perception by observers , such as humans or 
disclosure . machine vision systems . Some example fiducial designs can 
FIG . 7 illustrates exemplary applications for manufactur employ optical features on glass substrates that re - direct 

ing processes involving machine vision systems , according light so as to present a bright image region to an observer 
to examples of the disclosure . 20 according to a particular design . Such optical features can 

include surface relief patterns formed in a coating on the 
DETAILED DESCRIPTION surface of glass substrates . 

An exemplary application for fiducial markers on trans 
In the following description of examples , reference is parent substrates is transparent substrates with diffractive 

made to the accompanying drawings which form a part 25 optical features formed in a photocurable ( e.g. , ultraviolet 
hereof , and in which it is shown by way of illustration light curable ) coating on the surface of the transparent 
specific examples that can be practiced . It is to be under- substrate . The diffractive optical features are formed on a 
stood that other examples can be used and structural changes blank substrate and the final shape is cut from the blank 
can be made without departing from the scope of the substrate . Because the substrate and the photocurable ( e.g. , 
disclosed examples . 30 ultraviolet light curable ) coating are both transparent , an 

Although examples disclosed herein may be described observer can have difficulty in properly locating the cut lines 
and illustrated with respect to specific substrate materials , along which the blank substrate is to be cut in order to define 
such as glass subs ates , it should be understood that the the final shape . The teachings below can address this diffi 
disclosure is not limited to particular substrate materials . culty by providing fiducial markers that provide visual 
Further , although examples disclosed herein may be 35 points of reference on the transparent substrates . 
described with respect to exemplary usage of fiducial mark- Design A 
ers in machine vision systems , or applications thereof ( such FIG . 1A illustrates a top view of an example fiducial 
as in automated manufacturing equipment ) , the disclosure is marker design ( “ Design A ” ) in which a course spacing 
not limited to any particular use or application of fiducial surface relief profile area 102 is located on the surface of a 
markers or machine vision systems . 40 glass substrate . The course spacing surface relief profile area 

To serve as a useful visual point of reference , a fiducial 102 may be a circular area in which straight bars are oriented 
marker should be visually recognizable against a back- in a vertical direction . The surrounding area 106 may be a 
ground . For example , a fiducial marker may present a visual relatively blank area of field material . Exemplary specifica 
distinction ( such as a change in image intensity values ) tions for the course spacing surface relief profile area 102 
between an image region including the fiducial marker itself 45 include a diameter of 2 mm and a pitch of 20 um ( sum of 
and another ( background ) image region visually presenting 10 - um width of one bar and 10 - um width of one adjacent 
the area surrounding or adjacent to the fiducial marker . A space ) , or a linewidth of 10 um and a space of 10 um 
visual distinction between two such image regions may be ( linewidth / space of 10 um ) . 
used to identify a visual edge , such as by a machine vision FIG . 1B illustrates a cross - sectional view of Design A. 
system . A vision system can use an edge detection process 50 The principal base layer can be a glass substrate 114. The 
to detect such a visual edge in order to identify and locate course spacing surface relief profile area 102 can be located 
fiducial markers on a target substrate , such as a glass above the upper surface of the glass substrate 114. In Design 
substrate . A , the course spacing surface relief profile area 102 can be 
Two image regions can be visually distinct in a variety of the area with periodically spaced feature bars 112 that 

aspects . For example , brightness or light intensity levels in 55 extend vertically from the substrate 114 in FIG . 1B , and the 
a digital image can be analyzed to identify visually distinct surrounding area 106 can be the relatively blank area with no 
image regions in the image . In some examples , a machine features in FIG . 1B . The course spacing surface relief profile 
vision system can thus detect an edge between a bright ( high area 102 may be formed from a photocurable material that 
light intensity ) image region and a dark ( low light intensity ) has been shaped , e.g. , in a nanoimprinting process . Exem 
image region . In the PCB manufacturing process discussed 60 plary specifications for the course spacing surface relief 
above , for instance , a bare copper fiducial can be much more profile area 102 include a base layer thickness of 20 nm 
reflective than its surrounding material on the PCB surface . under the vertical feature bars 112 and a blank area layer 
In a front - lit field of view of the vision system , the bare thickness of 75-105 nm . 
copper fiducial may appear as a sharply bright image region Design A , when illuminated , can show highly contrasted 
surrounded by a dark image region . The vision system may 65 image regions . The course spacing surface relief profile area 
be able to easily detect the PCB fiducial due to the high 102 can exhibit a relatively high reflectivity , and so can 
brightness contrast between these two regions . appear as a bright area . The surrounding area 106 can exhibit 
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a relatively low reflectivity , and so can appear as a dark area . fications for the rectangular area 231 of Zone Design B 
Where these two image regions meet , visual edges can be include a height of 10 mm and a width of 12.4 mm . 
detected by an observer , such as a machine vision system . As Design C 
the visual edges delineate the shape of the fiducial marker's FIG . 3A illustrates a top view of an example fiducial 
design , the vision system can recognize the fiducial marker 5 marker design ( “ Design C ” ) in which a surface relief profile 
based on the detected edges . area 301 is located on the surface of a glass substrate , within 
FIG . 1C illustrates Submaster A , which is an example a surrounding blank area 306. In Design C , compared to 

submaster plate 120 that can be used to implement Design Design A , there is a fine spacing surface relief profile area 
A on a glass substrate 114. In general , a submaster mold or 303 disposed between a circular coarse spacing surface 
plate ( or submaster for short ) can be developed based on a 10 relief profile area 302 and the surrounding blank area 306 . 

This fine spacing surface relief profile area 303 may be an master mold or plate ( or master for short ) having a pattern annular ( ring - shaped ) area in which straight bars are ori that conveys a target fiducial design . The master can transfer ented in a vertical direction . Exemplary specifications for the a negative of the target fiducial design to the submaster , ( annular ) fine spacing surface relief profile area 303 include 
which can then transfer a positive pattern of the target 15 an inner diameter of 1.0 mm , an outer diameter of 2.0 mm , 
fiducial design to a target ( e.g. , glass ) substrate . In brief , and a linewidth / space of 0.23-1.0 um . 
Submaster A can be a negative surface relief tool . When FIG . 3B illustrates a cross - sectional view of Design C. 
Submaster A is pressed upon a flat layer of photoresist , the The course spacing surface relief profile area 302 in Design 
positive surface relief pattern of Design A is impressed upon C is as described with respect to the course spacing surface 
the layer of photoresist . For instance , the protruding ridges 20 relief profile areas 102 and 202 in Designs A and B. In 
122 of Submaster A press into the photoresist to form the Design C , however , the course spacing surface relief profile 
low grooves 113 in Design A , and the recesses 123 of area 302 can be encircled by the fine spacing surface relief 
Submaster A form the vertical feature bars 112 in Design A. profile area 303. In the example shown , both the fine and 
When Submaster A is lifted away , Design A remains on the course spacing relief profile areas 302 and 303 have vertical 
glass substrate 114 . 25 feature bars 312 and 313 of the same height . 

Design B Design C , when illuminated , can provide highly con 
FIG . 2A illustrates a top view of an example fiducial trasted image regions . The course spacing surface relief 

marker design ( “ Design B ” ) in which a course spacing profile area 302 can exhibit a relatively high reflectivity , and 
surface relief profile area 202 is located on the surface of a so can appear as a bright area , and the surrounding blank 
glass substrate . Compared to Design A , Design B features a 30 area 306 can appear as a dark area , similar to Design A. In 
surrounding blank area 206 that can be significantly thinner Design C , the annular fine spacing surface relief profile area 
than the surrounding blank area 106 in Design A. 303 can also exhibit a low reflectivity , and so can also appear 
FIG . 2B illustrates a cross - sectional view of Design B. as a dark area . This fine spacing surface relief profile area 

This view shows that the top of the surrounding blank area 303 in Design C can also introduce an additional visual 
206 is near or at the level of the base layer thickness under 35 effect to modify the visual appearance of Design A. 
the vertical feature bars 212 . In Design A , incident light can be reflected by the circular 

Design B , when illuminated , can show highly contrasted course spacing surface relief profile area 302 so as to reflect 
image regions , similar to Design A. In Design B , however , light with a relatively high reflectivity . In some implemen 
the course spacing surface relief profile area 202 can pro- tations , outside of the circular edge of the course spacing 
trude higher above the surrounding blank area 206. Whereas 40 surface relief profile area 302 , the reflectivity may decrease 
the course spacing surface relief profile area 106 in Design gradually around the bright circular course spacing surface 
A may be a physically more recessed optical feature , the relief profile area 302. In some cases , given certain condi 
course spacing surface relief profile area 202 in Design B tions , this gradual decrease in light reflectivity can visually 
may be a physically more prominent optical feature on the blur the circular edge so as to impair or interfere with edge 
surface of the glass substrate 214 . 45 detection by a machine vision system . If the vision system 
FIG . 2C illustrates Submaster B , which is an example cannot suitably detect the circular edge of Design A , the 

submaster plate 220 that can be used to implement Design vision system may be unable to recognize Design A as a 
B on a glass substrate 214. Compared to Submaster A as fiducial marker . Without limitation , one potential explana 
shown in FIG . 1C , the blocks 226 that form the surrounding tion for the blur is that , when the course spacing surface 
blank area 206 in Submaster B can protrude further down to 50 relief profile area 302 is formed , there can be an accompa 
be near or at the level of the protruding ridges 222 that form nying manufacturing result in the form of a net displacement 
the surface relief profile area 202 in Design B. of material outside of the course spacing surface relief 
FIG . 2D illustrates an example Zone Design B that profile area that may cause a radially varying thickness of 

includes Design B. Zone Design B may have a rectangular the photocurable ( e.g. , ultraviolet light curable ) material 
area 231 in which the course surface relief profile area 202 55 immediately outside the course spacing surface relief profile 
of Design B can be centrally located in a surrounding blank area 302. The region of radially varying thickness may 
area 236 that can fill out the rectangular area 231. Outside contribute to a radially varying reflectivity , which may 
of a fiducial marker having Zone Design B , other features or contribute to the blur at the circular edge of the course 
materials may ( but need not ) occupy space on the glass spacing surface relief profile area 302 . 
substrate 234. Zone Design B ( including Design B ) may be 60 In Design C , the annular fine spacing surface relief profile 
relatively easier for a machine vision system to recognize : area 303 may reduce or eliminate radially varying reflec 
instead of performing fiducial marker recognition based just tivity problems that may occur , such as with Design A. The 
on detecting a bright circular area ( as in Design A or Design fine spacing surface relief profile area 303 can have a finer 
B ) , the vision system can perform more precise fiducial pitch than the course spacing surface relief profile area 302 , 
marker recognition based on detecting the more specific 65 and exemplary linewidth / space values may include 0.23-1.0 
fiducial design of a bright circular area within a rectangular um . These pitch values may encompass wavelengths of the 
area having relatively uniform darkness . Exemplary speci- visible light spectrum , which is a spectral range around 
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400-700 nm . Compared to the circular course spacing sur- vision system , allowing the shape of the circular edge in a 
face relief profile area 302 , the annular fine spacing surface fiducial marker of Design D to be more easily recognized by 
relief profile area 303 can appear relatively dark . The the vision system . 
resulting visual effect may be the reduction or elimination of FIG . 4C illustrates Submaster D , an example submaster 
glow that may appear outside of the circular course spacing 5 plate 420 that can be used to impress Design D in a 
surface relief profile area 302 , and thus reduce or eliminate photocurable ( e.g. , ultraviolet light curable ) coating on a 
visual blurring that may occur at the circular edge of the glass substrate 414. Unlike example Submaster C , the pro 
course spacing surface relief profile area 302. With less truding ridges 423 that form the first ( circular ) surface relief 
visual blur , a sharper edge of contrasting brightness may be profile area 403 in example Submaster D may have a finer 
formed between the bright area of the circular course spac 10 pitch than the protruding ridges 422 that form the second 
ing surface relief profile area 302 and the dark area of the ( annular ) surface relief profile area 402 . 

Design E annular fine spacing surface relief profile area 303. This FIG . 5A illustrates a top view of an example fiducial sharper edge of contrasting brightness at the circular edge marker design ( “ Design E ” ) in which a first ( e.g. , circular ) can facilitate edge detection by a vision system , in turn 15 fine spacing surface relief profile area 503 is located on the allowing the shape of the circular edge in a fiducial marker surface of a glass substrate , within a second ( e.g. , annular ) of Design C to be more easily recognized by the vision fine spacing surface relief profile area 505 , which is within 
system . a surrounding blank area 506 , analogous to Design D. In 
FIG . 3C illustrates Submaster C , which is an example Design E , however , there is a second blank area 504 in 

submaster plate 320 that can be used to implement Design 20 between the first fine spacing surface relief profile area 503 
Con a glass substrate 314. Compared to Submaster B , which and the second fine spacing surface relief profile area 505 . 
exhibits wide blocks 226 that protrude down to be near or at The second blank area 504 can include an unperturbed , 
the level of the protruding ridges 222 that form the circular substantially uniform thickness of photocurable material . 
course spacing surface relief area 202 in Design B , Sub- This additional blank area 504 may be , e.g. , an annular 
master C can exhibit narrow protruding ridges 323 that form 25 ( ring - shaped ) area . Additionally , in Design E , both the first 
the annular fine spacing surface relief profile area 303 in and second fine spacing surface relief profile areas 503 and 
Design C. 505 can be have relatively low reflectivity compared to the 

FIG . 3D illustrates an example Zone Design C that can blank areas 504 and 506. Exemplary specifications for the 
include aspects of Design C. In Zone Design C , the shape second ( annular ) blank area 504 include a diameter of 3 mm 
and size of the annular fine spacing surface relief profile area 30 and an annular ring width of 1 mm . Exemplary specifica 
303 of Design C may be expanded to fill out a larger tions for the second ( annular ) fine spacing surface relief 
rectangular area 331. Compared to Zone Design B , which profile area 505 include a diameter of 4 mm , an annular ring 
features a surrounding blank area 236 , Zone Design C width of 1 mm , and a linewidth / space of 0.23-1.0 um . 
instead may feature a fine spacing surface relief profile area FIG . 5B illustrates a cross - sectional view of Design E. 
333 ( analogous to Design C ) . Outside of a fiducial marker 35 The first surface relief profile area 503 in Design E is 
having Zone Design C , other features or materials may ( but analogous to the first surface relief profile area 403 in Design 
need not ) occupy space on the glass substrate 334. Zone D. As in Design D , there is a second surface relief profile 
Design C may be recognizable by a machine vision system area 505 ; but in Design E , compared to Design D , both the 
detecting a bright circular area within a rectangular area first and second surface relief profile areas 503 and 505 can 
having relatively uniform darkness . 40 have the same pitch . In some examples , the annular blank 

Design D area 504 and the surrounding blank area 506 in Design E can 
FIG . 4A illustrates a top view of an example fiducial also be similar or identical in thickness . 

marker design ( “ Design D ” ) in which a circular fine spacing Design E , when illuminated , can show highly contrasted 
surface relief profile area 403 is located on the surface of a image regions . Both the first and second fine spacing surface 
glass substrate , within an annular course spacing surface 45 relief profile areas 503 and 505 can appear as dark areas . The 
relief profile area 402 , which is itself within a surrounding first and second fine spacing surface relief profile areas 503 
blank area 406 , as in Design C. In Design D , however , the and 505 can also direct light radially toward the annular 
placement of the fine spacing surface relief profile 403 and blank area 504. This directed light from the two fine spacing 
the course spacing surface relief profile area 402 are surface relief profile areas 503 and 505 may superimpose 
reversed with respect to Design C. 50 with reflected light from the annular blank area 504. The 
FIG . 4B illustrates a cross - sectional view of Design D. In resulting visual effect may be an annular blank area that 

Design D , a first surface relief profile area 403 may be appears lit up , forming a ring - shaped bright area . The first 
encircled by a second surface relief profile area 402 , as in and second fine spacing surface relief profile areas 503 and 
Design C. In Design D , however , the first ( circular ) surface 505 can appear as particularly dark areas . Altogether , Design 
relief area 403 can have a finer pitch than the second 55 E can appear as a dark center , encircled by a bright ring , 
( annular ) surface relief profile area 402 . encircled by a dark ring ( as in a “ bullseye ” design ) . Sharp 

Design D , when illuminated , can show highly contrasted edges of contrasting brightness at both the inner and outer 
image regions . The first ( circular ) surface relief profile area circular edges of the annular blank area 504 can present 
403 can appear as a dark area , and the second ( annular ) detectable edges for the vision system , which may allow the 
surface relief profile area 402 can appear as a bright area . 60 shape of the fiducial marker of Design E to be easily 
The surrounding blank area 406 can also appear as a dark recognized by the vision system . 
area . Due to the ring shape of the second ( annular ) surface FIG . 5C illustrates Submaster E , which is an example 
relief profile area 402 as a bright area , Design D can present submaster plate 520 that can be used to impress Design E 
a fiducial marker that appears as a bright ring encircling a into a photocurable material coated on a transparent ( e.g. , 
dark center to a machine vision system . There may be a 65 glass ) substrate 514. The protruding ridges 523 that form the 
sharp edge of contrasting brightness at the circular edge of first ( circular ) surface relief profile area 503 and the pro 
the dark center , which can facilitate edge detection by a truding ridges 525 that form the second ( annular ) surface 
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relief profile area 505 can have the same height and the same In a second transfer , the submaster can convey a negative 
pitch . The annular blank area 504 and the surrounding blank of the target fiducial design to a coating of hardenable 
area 506 are formed by the wide recesses 524 in between the ( photocurable ) material on a target glass substrate . For 
first and second surface relief profile areas and outside of the example , when pressed together with the hardenable coating 
second surface relief profile area . on the target glass substrate , the submaster can form a 
The above fiducial designs are examples and not intended positive pattern on the hardenable coating on the glass 

to limit the scope of the disclosure . While the above substrate . When the submaster is removed , the remaining 
examples are described with respect to specific shapes , such positive pattern on the hardenable coating on the glass 

substrate can form a fiducial marker having the target as circles , rings , and rectangles , they may also be imple 
mented with other shapes , such as crosses and squares . 10 fiducial design ( e.g. , example Designs A - E ) . 
Similarly , the example fine and course surface relief profile FIG . 6A presents a flow chart of the exemplary manufac 

turing method described in the following steps . A first areas above are described with respect to straight bars 
oriented in a vertical direction ( from top view ) , but transfer can be performed via Steps S1 - S4 . A second transfer may also can be performed via Steps S5 - S8 . As a visual aid , FIG . 6B be implemented with other patterns ( from top view ) , such as 15 illustrates the exemplary manufacturing method according 
concentric circles or polygons , curved bars , or straight bars to Steps S1 - S8 . 
in mixed orientations ( e.g. , some vertical and some hori In example Step Si , a master can be formed having a 
zontal ) . surface relief pattern layer including the target fiducial 

Additionally , the above label " Design ” is provided to design . The master can be made by e - beam lithography or 
facilitate ease of reference , but should not be understood as 20 photolithography , for examples . On the master , the surface 
a strict designation that , for example , prevents the combi- relief pattern layer may look like one of the cross - sectional 
nation of features from one “ Design ” with another “ Design . ” views of the Designs A - E , as in FIGS . 1B , 2B , 3B , 4B , and 
In other words , the features of each fiducial “ Design ” above 5B . 
are not limited to be found only in that “ Design . ” Rather , In example Step S2 , the base substrate 622 of a blank 
individual features of one “ Design " may be combined with 25 mold that becomes the submaster can be coated with an 
individual features of another “ Design . ” adhesion promotion layer 624 , such as Valmat made by 

Alternatively , either or both of the fine spacing surface Molecular Imprints , Inc. of Austin , Tex . 
relief profile and the course spacing surface relief profile In example Step S3 , a coating 630 of hardenable ( e.g. , 
may have lateral peak - to - peak spacing that is not fixed to a photocurable ) material can be deposited over the adhesion 
single value . For example , the lateral peak - to - peak spacing 30 promotion layer 624 of the blank mold . 
may vary according to a probability distribution . In example Step S4 , the master can be used to mold a 

Alternatively , either or both of the fine spacing surface negative surface relief pattern layer in the coating 630 of the 
relief profile and the course spacing surface relief profile hardenable material on the blank mold , thus transferring the 
may have surface heights that vary in two orthogonal target fiducial design as a negative to the hardenable material 
directions along their surface . Examples include 2D periodic 35 on the submaster . For example , the master can be used as a 
and 2D non - periodic profiles . An example of a 2D periodic press mold to make an impression in the hardenable material 
pattern may be analogous to a chessboard - like pattern where on the blank mold , thus forming the negative surface relief 
the positions of the black squares are occupied by rectan- pattern of the submaster . Having the impression , the hard 
gular pillars of photocurable ( e.g. , ultraviolet light curable ) enable material on the submaster may be cured , for example , 
material of a first height , and in the positions of the white 40 by photocuring processes . Adhering to the adhesion promo 
squares the thickness of the photocurable ( e.g. , ultraviolet tion layer 624 on the base substrate of the submaster , the 
light curable ) material is lower than the first height . In any cured layer 640 may separate from the master when the 
case , the average lateral peak to peak - to - peak spacing of master is removed . 
features ( e.g. , ridges ) may be higher in a course spacing In example Step S5 , a separation release coating 650 ( e.g. , 
surface relief profile as compared to a fine spacing surface 45 SiO2 , Atmospheric Pressure Plasma Jet ( APPJ ) ) can be 
relief profile . applied to the surface relief pattern layer 640 of the sub 

Manufacturing the Fiducial Markers master . 
FIGS . 6A and 6B present an exemplary manufacturing In example Step S6 , the target substrate can be coated 

method that can be used to implement example Designs A - E with an adhesion promotion layer 664 , such as Valmat . The 
and Zone Designs B and C to manufacture fiducial markers . 50 target substrate may be glass ( or other transparent or trans 
Manufacturing the fiducial markers can involve two trans- lucent material ) for marking with the target fiducial design 
fers of a fiducial design across multiple substrates . ( e.g. , example Designs A - E and Zone Designs B and C ) . 

In a first transfer , a target fiducial design ( e.g. , as shown In example Step S7 , a hardenable ( e.g. , photocurable ) 
in example Designs A - E and Zone Designs B and C ) can be material 670 can be deposited onto the target substrate . The 
conveyed by a pattern on a master mold or plate , or master 55 hardenable material 670 can be deposited over the adhesion 
for short , as a starting point . The master can be made by promotion layer 664 . 
electron beam processing ( e - beam ) or photolithography , for In example Step S8 , the submaster can be used to mold a 
examples . The master can have a surface relief profile positive surface relief pattern layer in the coating 670 of the 
corresponding to the target fiducial design to be made . Then , hardenable material on the target substrate , thus transferring 
the target fiducial design patterned on the master can be 60 the target fiducial design ( e.g. , example Designs A - E ) as a 
transferred as a negative of the fiducial design to a submaster positive to the hardenable material 670 on target substrate . 
mold or plate , or submaster for short . For example , this first For example , the submaster can be used as a press mold to 
transfer can involve pressing together the master and a blank make an impression in the hardenable material 670 on the 
mold that becomes the submaster . The blank mold can take target substrate , thus forming the positive surface relief 
the form of a substrate coated with a hardenable ( e.g. 65 pattern . The positive surface relief pattern layer 680 can 
photocurable ) resin that , in its unhardened state , can be adhere to the adhesion promotion layer 664 on the target 
impressed ( molded ) with a pattern by use of the master . substrate . The separation release coating 650 ( e.g. , SiO2 , 
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APPJ ) on the submaster can promote smooth separation of vision system 700. Processes performed by the image pro 
the submaster from the target substrate . cessing system 706 may be performed by one or more 

Applying the Fiducial Markers processors 707 . 
After substrate is marked with a fiducial marker , the In addition to recognizing the fiducial markers on the 

fiducial marker can facilitate the use of the substrate in a 5 target glass wafer 712 , an image processing system 706 of 
variety of applications . Exemplary applications include a vision system 700 may determine an input orientation of 
manufacturing processes in industrial environments where the wafer 712. For example , information about the wafer's 
fiducial markers can be useful for providing visual points of fiducial markers ( e.g. , location , design , etc. ) may correspond 
reference , such as for precision alignment of components on to information on a reference template that indicates the 
the substrate or precision alignment of the substrate in a 10 wafer's input orientation . In some examples , reference tem 
cutting machine that cuts the substrate into multiple parts plates can be stored in the storage memory 708 of the vision 
( e.g. , augmented reality eyepieces ) . system . 
FIG . 7 illustrates exemplary applications for manufactur- In addition to determining the input orientation of the 

ing processes involving machine vision systems . A machine target glass wafer 712 based on fiducial markers , the 
vision system 700 can facilitate automated performance of 15 machine vision system 700 may facilitate implementing 
manufacturing processes on input working material , and manufacturing processes on the wafer 712. For example , 
fiducial markers can aid the machine vision system 700 . predetermined manufacturing processes may be included in 
When receiving an input piece of working material , or a manufacturing process plan for the wafer 712 , and auto 
workpiece 710 , the vision system may determine the input mated tools 709 ( e.g. , robotic tools ) may be directed to 
orientation of the workpiece 710. For example , even before 20 perform them in accordance with the determined orientation 
manufacturing processes are performed on the workpiece from an image processing system 706. In some examples , 
710 , the vision system 700 may determine , for example , using a radial direction between two fiducial markers 715 
which side of the workpiece 710 is up , which side is down , and 717 , a cutting tool can be directed to form cuts 716 into 
which direction is left , which direction is right , etc. , relative the glass wafer 712 , or a P & P machine can be directed to 
to a predetermined manufacturing process plan in the vision 25 place a line of components 718. In some examples , a 
system 700 . pressing tool can be directed to press together a target glass 

After the input orientation of the workpiece 710 is deter- wafer and another wafer with identical fiducial markers , so 
mined , the workpiece 710 can be maneuvered into a working that the two wafers are aligned with respect to their fiducial 
orientation suited for performing manufacturing processes markers . 
on the workpiece 710. Exemplary manufacturing processes 30 Target locations for manufacturing processes can also be 
include cutting into the workpiece 710 and placing material determined based on fiducial markers on a target glass wafer . 
or a component on the workpiece 710. The workpiece 710 An example manufacturing process plan for the wafer can 
can be in the form of a target substrate , and another include certain manufacturing processes be performed by 
exemplary manufacturing process can be pressing together certain automated tools at predetermined locations relative 
the target substrate and an additional substrate into a stack 35 to predetermined fiducial markers in the plan stored in a 
of substrates . Such workpieces and substrates can be at least storage memory of a vision system . In some examples , in 
partially formed of glass or other transparent or translucent accordance with predetermined locations in a stored plan , an 
material . image processing system 706 can determine corresponding 

In some examples , fiducial markers can mark portions of target locations on the target glass wafer 712 for those 
workpieces and substrates formed of glass or other trans- 40 certain manufacturing processes to be performed . For 
parent or translucent material . For example , a camera 702 of example , in a target location 714 in a quadrant opposite from 
a machine vision system 700 can view a target glass wafer the wafer’s fiducial markers , a cutting tool can be directed 
712 marked with two or more fiducial markers , each having to cut out a desired shape from the glass wafer 712 , or a P & P 
one of the fiducial designs described above . A light source , machine can be directed to place a cluster of components . 
such as a lamp 704 , can illuminate the target glass wafer 712. 45 A storage memory of a machine vision system can be one 
Image data from the camera 702 can be processed by an or more instances of any suitable non - transitory machine 
image processing system 706 of the vision system 700 . readable storage medium , such as RAM , ROM , flash 

In some examples , an image processing system 706 of the memory , semiconductor memory , hard disk , solid - state 
vision system 700 can recognize each of the fiducial mark- memory , etc. The above example processes of a machine 
ers . For example , the image processing system 706 may 50 vision system may be provided by any suitable logic cir 
detect visual edges in image data from a camera 702. Certain cuitry . Suitable logic circuitry may include one or more 
detected visual edges can correspond to a fiducial marker , computer processors ( e.g. , CPU , GPU , etc. ) that , when 
delineating one or more shapes in the fiducial marker's executing instructions implemented in a software program , 
design . As described above , a visual edge can arise from a perform the processes . Additionally , such processes can also 
visual distinction between contrasting image regions in the 55 be provided via corresponding logic design implemented in 
image data . The visual distinction may be based on , for hardware logic circuitry , such as programmable logic ( e.g. , 
example , differences in brightness . The visual distinction PLD , FPGA , etc. ) or customized logic ( e.g. , ASIC , etc. ) 
may be based on differences in visual effects , for example , implementing logic designs that provide the processes . 
provided by the surface - relief - pattern - based designs Furthermore , such processes can be provided via an imple 
described above . In some examples , the vision system can 60 mentation that combines both one or more processors run 
store a predetermined fiducial design in storage memory 708 ning software and hardware logic circuitry . 
for later access . Based on edge detection of visual edges in In some examples , a method of marking a target substrate 
the image data , an image processing system 706 can deter- with a target fiducial marker having a target fiducial design 
mine a match between a fiducial marker on a glass wafer and is disclosed . The method may comprise : forming a master 
the predetermined fiducial design . Enhanced edge detection 65 mold having a master surface relief pattern layer including 
related to the design of the fiducial marker can facilitate the target fiducial design ; transferring a negative of the target 
identification and processing of the fiducial marker by the fiducial design to a blank mold by pressing together the 
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master mold and the blank mold , thereby forming a sub- areas ; recognizing each of the plurality of target fiducial 
master mold ; separating the master mold and the submaster markers by one or more processors of the machine vision 
mold , the negative of the target fiducial design transferred to system , comprising : detecting one or more visual edges that 
the submaster mold as a submaster surface relief pattern delineate one or more shapes in the respective target fiducial 
layer on the submaster mold ; depositing hardenable material 5 design , each visual edge based on a visual distinction 
onto the target substrate ; transferring the target fiducial between a plurality of image regions including : a first image 
design to the target substrate by pressing together the region visually presenting a surface relief profile area in the 
submaster mold and the target substrate ; and separating the respective target fiducial design and a second image region 
submaster mold and the target substrate , the target fiducial visually presenting an area adjacent the surface relief profile 
design transferred to the target substrate as a target surface 10 area in the respective target fiducial design , determining a 
relief pattern layer in the hardenable material deposited onto match between the respective target fiducial design and one 
the target substrate , the target surface relief pattern layer of the one or more stored predetermined fiducial designs , 
marking the target substrate with the target fiducial marker based on the detected one or more edges of the target fiducial 
having the target fiducial design . Additionally or alterna- design ; determining an orientation of the target substrate 
tively to one or more of the above examples , the method may 15 based on the recognized target fiducial markers , by the one 
comprise : coating a base substrate of the blank mold with an or more processors of the machine vision system ; and 
adhesion promotion layer ; and depositing hardenable mate- performing a manufacturing process on the target substrate 
rial on the adhesion promotion layer , before the master mold in accordance with the determined orientation , the manu 
and the blank mold are pressed together , wherein the sub- facturing process included in the stored manufacturing pro 
master surface relief pattern layer , formed from the harden- 20 cess plan . Additionally or alternatively to one or more of the 
able material , adheres to the adhesion promotion layer above examples , for a first target fiducial marker of the 
coating the base substrate of the submaster mold , after the plurality of target fiducial markers , the one or more visual 
master mold and the blank mold are pressed together . edges may be detected based on the plurality of image 
Additionally or alternatively to one or more of the above regions including : the first image region visually presenting 
examples , the method may comprise : depositing hardenable 25 a course spacing surface relief profile area in the target 
material onto a mold substrate , the hardenable material fiducial design of the first target fiducial marker and the 
filling contours of the master surface relief pattern layer second image region visually presenting a fine spacing 
when the master mold and the blank mold are pressed surface relief profile area adjacent the course spacing surface 
together ; and hardening the hardenable material , the hard- relief profile area in the target fiducial design of the first 
ened material forming the submaster surface relief pattern 30 target fiducial marker . Additionally or alternatively to one or 
layer including the negative of the target fiducial design . more of the above examples , for a first target fiducial marker 
Additionally or alternatively to one or more of the above of the plurality of target fiducial markers , the one or more 
examples , the method may comprise : applying a separation visual edges may be detected based on the plurality of image 
release coating onto the submaster surface relief pattern regions including : the first image region visually presenting 
layer on the submaster mold , wherein the separation release 35 a first fine spacing surface relief profile area in the target 
coating promotes the separation of the submaster mold and fiducial design of the first target fiducial marker , the second 
the target substrate . Additionally or alternatively to one or image region visually presenting a blank area surrounding 
more of the above examples , the method may comprise : the fine spacing surface relief profile area in the target 
coating the target substrate with an adhesion promotion fiducial design of the first target fiducial marker , and a third 
layer , wherein the hardenable material is deposited onto the 40 image region visually presenting a second fine spacing 
target substrate over the adhesion promotion layer coating surface relief profile area surrounding the blank area in the 
the target substrate , wherein the target surface relief pattern target fiducial design of the first target fiducial marker . 
layer adheres to the adhesion promotion layer coating the Additionally or alternatively to one or more of the above 
target substrate . Additionally or alternatively to one or more examples , the method may comprise : determining a target 
of the above examples , the submaster mold may be a press 45 location on the target substrate relative to one or more of the 
mold including the submaster surface relief pattern layer on target fiducial markers , in accordance with a predetermined 
the submaster mold , wherein the press mold impresses the location relative to predetermined fiducial markers in the 
target surface relief pattern layer in the hardenable material stored manufacturing process plan ; and performing the 
deposited onto the target substrate . Additionally or alterna- manufacturing process on the target substrate at the deter 
tively to one or more of the above examples , the target 50 mined target location . Additionally or alternatively to one or 
substrate may include a glass or other transparent or trans- more of the above examples , the manufacturing process on 
lucent material bearing a material which is marked with the the target substrate may include at least one of : cutting into 
target fiducial design . Additionally or alternatively to one or the target substrate , placing material or a component on the 
more of the above examples , the target surface relief pattern target substrate , and pressing together the target substrate 
layer may comprise one or more surface relief profile areas 55 and an additional substrate . 
that presents at least one bright image region for edge In some examples , a substrate marked with a fiducial 
detection by a machine vision system . marker is disclosed . The substrate may comprise : first 

In some examples , a method of implementing a manu- surface relief profile area on the substrate ; and a surrounding 
facturing process plan on a target substrate is disclosed . The area , surrounding the first surface relief profile area , on the 
method may comprise : storing one or more predetermined 60 substrate , wherein the fiducial marker includes at least the 
fiducial designs in one or more memories of a machine first surface relief profile area , and wherein , when viewed by 
vision system ; storing the manufacturing process plan in the a machine vision system , the fiducial marker appears as a 
one or more memories of the machine vision system ; first image region visually presenting a bright image region . 
viewing the target substrate by a camera of the machine Additionally or alternatively to one or more of the above 
vision system , the target substrate marked with a plurality of 65 examples , the first surface relief profile area may comprise : 
target fiducial markers , each having a respective target periodically spaced features that vertically extend from the 
fiducial design including one or more surface relief profile substrate , the periodically spaced features having their bases 
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at a base level , and wherein the surrounding area is a blank to be noted that various changes and modifications will 
area of field material , the blank area having its top at or become apparent to those skilled in the art . Such changes 
below the base level of the periodically spaced features of and modifications are to be understood as being included 
the first surface relief profile area . Additionally or alterna- within the scope of the disclosed examples as defined by the 
tively to one or more of the above examples , the fiducial 5 appended claims . 
marker may include the blank area in a rectangular shape on 
the substrate , surrounding the first surface relief profile area , The invention claimed is : wherein , when viewed by a machine vision system , the 
fiducial marker appears as a plurality of image regions 1. A method of marking a target substrate with a target 
including : the first image region visually presenting the first 10 fiducial marker having a target fiducial design , the method 
surface relief profile area as a bright image region and a comprising : 
second image region visually presenting the blank area as a forming a master mold having a master surface relief 
dark image region . Additionally or alternatively to one or pattern layer including the target fiducial design ; 
more of the above examples , the substrate may comprise : a transferring a negative of the target fiducial design to a 
second surface relief profile area , surrounding the first 15 blank mold by pressing together the master mold and 
surface relief profile area , on the substrate , wherein the first the blank mold , thereby forming a submaster mold ; 
surface relief profile area is a course spacing surface relief separating the master mold and the submaster mold , the 
profile area and the second surface relief profile area is a fine submaster mold having a submaster surface relief pat 
spacing surface relief profile area , wherein the surrounding tern layer including the negative of the target fiducial 
area surrounds both the course spacing surface relief profile 20 design transferred to the submaster mold ; 
area and the fine spacing surface relief profile area , wherein depositing hardenable material onto the target substrate ; 
the fiducial marker includes at least the course spacing transferring the target fiducial design to the target sub 
surface relief profile area and the fine spacing surface relief strate by pressing together the submaster mold and the 
profile area , wherein , when viewed by a machine vision target substrate ; and 
system , the fiducial marker appears as a plurality of image 25 separating the submaster mold and the target substrate , the 
regions including : the first image region visually presenting target substrate having a target surface relief pattern 
the course spacing surface relief profile area as a bright layer in the hardenable material deposited onto the 
image region and a second image region visually presenting target substrate , the target surface relief pattern layer 
the fine spacing surface relief profile area as a dark image including the target fiducial design transferred to the 
region . Additionally or alternatively to one or more of the 30 target substrate , the target surface relief pattern layer 
above examples , the fiducial marker may include the fine marking the target substrate with the target fiducial 
spacing surface relief profile area in a rectangular shape on marker having the target fiducial design . 
the substrate , surrounding the course spacing surface relief 2. The method of marking a target substrate with a target 
profile area . Additionally or alternatively to one or more of fiducial marker having a target fiducial design of claim 1 , the 
the above examples , the substrate may comprise : a second 35 method comprising : 
surface relief profile area , surrounded by the first surface coating a base substrate of the blank mold with an 
relief profile area , on the substrate , wherein the first surface adhesion promotion layer ; and 
relief profile area is a course spacing surface relief profile depositing hardenable material on the adhesion promotion 
area and the second surface relief profile area is a fine layer , before the master mold and the blank mold are 
spacing surface relief profile area , wherein the surrounding 40 pressed together , 
area surrounds both the course spacing surface relief profile wherein the submaster surface relief pattern layer , formed 
area and the fine spacing surface relief profile area , wherein from the hardenable material , adheres to the adhesion 
the fiducial marker includes at least the course spacing promotion layer coating the base substrate of the sub 
surface relief profile area and the fine spacing surface relief master mold , after the master mold and the blank mold 
profile area , wherein , when viewed by a machine vision 45 are pressed together . 
system , the fiducial marker appears as a plurality of image 3. The method of marking a target substrate with a target 
regions including : the first image region visually presenting fiducial marker having a target fiducial design of claim 1 , the 
the course spacing surface relief profile area as a bright method comprising : 
image region and a second image region visually presenting depositing hardenable material onto a mold substrate , the 
the fine spacing surface relief profile area as a dark image 50 hardenable material filling contours of the master sur 
region . Additionally or alternatively to one or more of the face relief pattern layer when the master mold and the 
above examples , the substrate may comprise : a blank area of blank mold are pressed together , and 
field material as the surrounding area surrounding the first hardening the hardenable material , the hardened material 
surface relief profile area ; and a second surface relief profile forming the submaster surface relief pattern layer 
area , surrounding the blank area , on the substrate ; wherein 55 including the negative of the target fiducial design . 
the fiducial marker includes at least the first surface relief 4. The method of marking a target substrate with a target 
profile area , the blank area , and the second surface relief fiducial marker having a target fiducial design of claim 1 , the 
profile area , wherein , when viewed by a machine vision method comprising : 
system , the fiducial marker appears as a plurality of image applying a separation release coating onto the submaster 
regions including : the first image region visually presenting 60 surface relief pattern layer on the submaster mold , 
the first surface relief profile area as a dark image region , and wherein the separation release coating promotes the sepa 
a second image region visually presenting the blank area as ration of the submaster mold and the target substrate . 
a bright image region , and a third image region visually 5. The method of marking a target substrate with a target 
presenting the second surface relief profile area as a dark fiducial marker having a target fiducial design of claim 1 , the 
image region . 65 method comprising : 

Although the disclosed examples have been fully coating the target substrate with an adhesion promotion 
described with reference to the accompanying drawings , it is layer , 
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wherein the hardenable material is deposited onto the markers , the one or more visual edges are detected based on 
target substrate over the adhesion promotion layer the plurality of image regions including : 
coating the target substrate , the first image region visually presenting a coarse spacing 

wherein the target surface relief pattern layer adheres to surface relief profile area in the target fiducial design of 
the adhesion promotion layer coating the target sub- 5 the first target fiducial marker and 
strate . the second image region visually presenting a fine spacing 

6. The method of marking a target substrate with a target surface relief profile area adjacent the coarse spacing 
fiducial marker having a target fiducial design of claim 1 , surface relief profile area in the target fiducial design of 

wherein the submaster mold is a press mold including the the first target fiducial marker . 
submaster surface relief pattern layer on the submaster 11. The method of implementing a manufacturing process 
mold , plan on a target substrate of claim 9 , wherein , for a first 

wherein the press mold impresses the target surface relief target fiducial marker of the plurality of target fiducial 
pattern layer in the hardenable material deposited onto markers , the one or more visual edges are detected based on 
the target substrate . the plurality of image regions including : 

7. The method of marking a target substrate with a target the first image region visually presenting a first fine 
fiducial marker having a target fiducial design of claim 1 , spacing surface relief profile area in the target fiducial 
wherein the target substrate includes a glass or other trans- design of the first target fiducial marker , 
parent or translucent material bearing a material which is the second image region visually presenting a blank area 
marked with the target fiducial design . surrounding the fine spacing surface relief profile area 

8. The method of marking a target substrate with a target in the target fiducial design of the first target fiducial 
fiducial marker having a target fiducial design in claim 1 , marker , and 
wherein the target surface relief pattern layer comprises one a third image region visually presenting a second fine 
or more surface relief profile areas that presents at least one spacing surface relief profile area surrounding the blank 
bright image region corresponding to an edge of the target 25 area in the target fiducial design of the first target 
fiducial marker . fiducial marker . 

9. A method of implementing a manufacturing process 12. The method of implementing a manufacturing process 
plan on a target substrate , the method performed by an plan on a target substrate of claim 9 , the method comprising : 
apparatus that includes a machine vision system , the method determining a target location on the target substrate rela 
comprising : tive to one or more of the target fiducial markers , in 

storing one or more predetermined fiducial designs in one accordance with a predetermined location relative to 
or more memories of the machine vision system ; predetermined fiducial markers in the stored manufac 

storing the manufacturing process plan in the one or more turing process plan ; and 
memories of the machine vision system ; performing the manufacturing process on the target sub 

viewing the target substrate by a camera of the machine 35 strate at the determined target location . 
vision system , the target substrate marked with a plu- 13. The method of implementing a manufacturing process 
rality of target fiducial markers , each having a respec- plan on a target substrate of claim 9 , wherein the manufac 
tive target fiducial design including one or more surface turing process on the target substrate includes at least one of : 
relief profile areas ; cutting into the target substrate , placing material or a com 

recognizing each of the plurality of target fiducial markers 40 ponent on the target substrate , and pressing together the 
by one or more processors of the machine vision target substrate and an additional substrate . 
system , comprising : 14. A substrate marked with a fiducial marker , the sub 
detecting one or more visual edges that delineate one or strate comprising : 
more shapes in the respective target fiducial design , a first surface relief profile area on the substrate ; and 
each visual edge based on a visual distinction 45 a surrounding area , surrounding the first surface relief 
between a plurality of image regions including : profile area , on the substrate , 
a first image region visually presenting a surface wherein the fiducial marker includes at least the first 

relief profile area in the respective target fiducial surface relief profile area , and 
design and wherein the fiducial marker is formed to appear as a first 

a second image region visually presenting an area 50 image region visually presenting a bright image region . 
adjacent the surface relief profile area in the 15. The substrate marked with a fiducial marker of claim 
respective target fiducial design , 14 , 

determining a match between the respective target wherein the first surface relief profile area comprises : 
fiducial design and one of the one or more stored periodically spaced features that vertically extend from 
predetermined fiducial designs , based the 55 the substrate , the periodically spaced features having 
detected one or more edges of the target fiducial their bases at a base level , and 
design ; wherein the surrounding area is a blank area of field 

determining an orientation of the target substrate based on material , the blank area having its top at or below the 
the recognized target fiducial markers , by the one or base level of the periodically spaced features of the first 
more processors of the machine vision system ; and surface relief profile area . 

performing a manufacturing process on the target sub- 16. The substrate marked with a fiducial marker of claim 
strate in accordance with the determined orientation , 
the manufacturing process included in the stored manu- wherein the fiducial marker includes the blank area in a 
facturing process plan . rectangular shape on the substrate , surrounding the first 

10. The method of implementing a manufacturing process 65 surface relief profile area , 
plan on a target substrate of claim 9 , wherein , for a first wherein the fiducial marker is formed to appear as a 
target fiducial marker of the plurality of target fiducial plurality of image regions including : 

on 
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the first image region visually presenting the first wherein the first surface relief profile area is a coarse 
surface relief profile area as a bright image region spacing surface relief profile area and the second sur 
and face relief profile area is a fine spacing surface relief 

a second image region visually presenting the blank profile area , 
area as a dark image region . wherein the surrounding area surrounds both the coarse 

17. The substrate marked with a fiducial marker of claim spacing surface relief profile area and the fine spacing 
surface relief profile area , 14 , the substrate comprising : wherein the fiducial marker includes at least the coarse a second surface relief profile area , surrounding the first 

surface relief profile area , on the substrate , spacing surface relief profile area and the fine spacing 
wherein the first surface relief profile area is a coarse 10 surface relief profile area , 

wherein the fiducial marker is formed to appear as a spacing surface relief profile area and the second sur 
face relief profile area is a fine spacing surface relief plurality of image regions including : 
profile area , the first image region visually presenting the coarse 

wherein the surrounding area surrounds both the coarse spacing surface relief profile area as a bright image 
region and spacing surface relief profile area and the fine spacing 15 

surface relief profile area , a second image region visually presenting the fine 
wherein the fiducial marker includes at least the coarse spacing surface relief profile area as a dark image 

region . spacing surface relief profile area and the fine spacing 
surface relief profile area , 20. The substrate marked with a fiducial marker of claim 

wherein the fiducial marker is formed to appear as a 20 14 , the substrate comprising : 
plurality of image regions including : a blank area of field material as the surrounding area 
the first image region visually presenting the coarse surrounding the first surface relief profile area ; and 

spacing surface relief profile area as a bright image a second surface relief profile area , surrounding the blank 
region and area , on the substrate ; 

a second image region visually presenting the fine 25 wherein the fiducial marker includes at least the first 
spacing surface relief profile area as a dark image surface relief profile area , the blank area , and the 

second surface relief profile area , region . 
wherein the fiducial marker is formed to appear as a 18. The substrate marked with a fiducial marker of claim 

17 , wherein the fiducial marker includes the fine spacing plurality of image regions including : 
surface relief profile area in a rectangular shape on the 30 the first image region visually presenting the first 
substrate , surrounding the coarse spacing surface relief surface relief profile area as a dark image region , and 
profile area . a second image region visually presenting the blank 

19. The substrate marked with a fiducial marker of claim area as a bright image region , and 
14 , the substrate comprising : a third image region visually presenting the second 

surface relief profile area as a dark image region . a second surface relief profile area , surrounded by the first 35 
surface relief profile area , on the substrate , * * * * 


